It is well-recognized that DNA methylation causes gene silencing. However, although DNA methylation is closely associated with alterations in chromatin structure, it is not clear whether methylation at a particular locus contributes to the formation of an inactive chromatin structure. In this study, we have investigated the chromatin structure of the CpG island of the human CDH1 gene in cancer cells. The CDH1-CpG island was differentially methylated between silenced cells, however, DNase I hypersensitive site that are present in the expressing cell were commonly lost in silenced cells and transcription factors were excluded from their binding sites. These results demonstrate that formation of an inactive structure was not affected by heterogeneous methylation status of the CpG island.
DNA methylation is an important mechanism in gene silencing. In particular methylation of chromosomal regions called CpG islands play an important role in various biological events such as genomic imprinting 1) and carcinogenesis. 2) We have previously reported that the CpG island of the human E-cadherin (CDH1) gene is differentially methylated in silenced cancer cells. 3) Although CpG island methylation results in gene silencing through alteration of a chromatin structure, it is not known whether a different methylation status of a CpG island results in altered chromatin structure. In this study, we have investigated the chromatin structure associated with the CDH1 gene in cancer cells.
RESULTS AND DISCUSSION
In silenced cells, CpG island of the CDH1 gene (positions 80656-81965, accession no. AC099314, http://www.ebi.ac. uk/cpg/) was highly methylated in T24 cells and moderately methylated in HSC41 cells. 3) In Li21 cells, the promoter region was almost methylation-free, and the 3Ј end of the island, remote from the promoter region, was densely methylated. 3) We examined the relationships between methylation status of the entire CpG island and the absence of in vivo transcription factor binding to the promoter region in silenced cells by DNase I footprinting analysis. In the promoter of the CDH1 gene there are three known elements for binding of transcription factors (E-pal, CAAT, and GCbox). 4) In SW1116 cells, which express the CDH1 gene, these regions were protected from digestion by DNase I and cleaved DNA fragments were not detected following ligation-mediated PCR (Fig. 1) , while in T24, HSC41, and Li21 cells the regions were susceptible to digestion (Fig. 1) . Similar results in T24 cells have been reported previously. 5) These results suggest that transcription factors can not bind to these sites in the non-expressing cell lines irrespective of methylation status.
We then analyzed the presence or absence of open chromatin structures in the CpG island in non-expressing cells by investigating the presence or absence of DNase I hypersensitive site(s). The region becomes resistant to DNase I treatment if the chromatin structure is closed. DNA fragments isolated from DNase I-treated nuclei were digested with Tsp509 I to yield CpG island-containing fragments and used for the Southern analysis with a hybridization probe corresponding to a 3Ј region of the CpG island ( Fig. 2A) . The CpG island region in SW1116 cells was sensitive to DNase I digestion and a shorter band was observed at the 1.2-kb position (Fig. 2B) , indicating the existence of a DNase I hypersensitive site around the promoter region in the expressing cells. In contrast, the CpG island region of non-expressing Transcription factor binding sites (E-pal, CAAT, and GC-box) are shown on the left. Naked DNA for control experiment was obtained from human placenta in which the CpG island is not methylated. In vivo cleavage of genomic DNA with DNase I was carried out following a published procedure. 7) Cells grown in 10 cm dishes as monolayers to about 80% confluency were permiabilized by treatment with 1 ml of 0.05% lysolecithin (Sigma) in buffer A (150 mM sucrose, 80 mM KCl, 35 mM HEPES (pH 7.4), 5 mM K 2 HPO 4 , 5 mM MgCl 2 , 0.5 mM CaCl 2 ) for 1 min at 37°C. Permiabilized cells were treated with 30-70 mg/ml of DNase I (Boehringer Mannheim) in buffer B (150 mM sucrose, 80 mM KCl, 35 mM HEPES (pH 7.4), 5 mM K 2 HPO 4 , 5 mM MgCl 2 , 2 mM CaCl 2 ) for 5 min at ambient temperature. The reaction was stopped and cells were lysed by the addition of solution A (20 mM Tris (pH 8.0), 20 mM NaCl, 20 mM EDTA, 1% SDS, 600 mg/ml proteinase K) and solution B (150 mM NaCl, 5 mM EDTA). 7) After incubation at 37°C for 3 h DNA was extracted. Ligation-mediated PCR and detection of PCR products were performed as described previously 4, 7) using the following oligomers, primer 1, 5Ј-GCAGGTCCCATAACCCACC-3Ј (positions 812-830, accession number L34545); primer 2, 5Ј-AGACCCTAGCAACTCCAGGCTAGAG-3Ј (positions 832-856, accession number L34545); primer 3, 5Ј-TCCAGGCTAGAGGGTCACCGCGTC-TATG-3Ј (positions 845-872, accession number L34545); oligomer 4, 5Ј-CGGTGAC-CCGGGAGATCTGAATTCC-3Ј; oligomer 5, 5Ј-GGAATTCAGAT-3Ј. The primer extension was performed with 5Ј-biotinylated primer 1 using Sequenase version 2.0 (Amersham Pharmacia Biotech) at annealing and extension temperatures of 45°C and 48°C, respectively. Linker ligation was performed overnight at 18°C with oligomers 4 and 5. Extension products were isolated using magnetic beads coated with streptavidin. PCR of specific fragments was carried out with primer 2 and oligomer 4 by 20 cycles of amplification (1 min at 95°C, 2 min at 63°C, 3 min at 76°C). The labeling reaction was performed with 32 P-labeled primer 3 (2 min at 94°C, 2 min at 66°C, 10 min at 76°C). Stoffel fragment (PE Biosystems) was used for the PCR and labeling system. T24, HSC41, and Li21 cells was resistant to DNase I digestion and no hypersensitive sites were observed (Fig. 2B) . These properties are characteristic of the inactive chromatin structure of methylated DNA 6) and suggest that the chromatin structure of the CpG islands in the non-expressing cells is in an inactive form and compacted at the promoter region regardless of methylation status. Therefore, the inaccessibility of transcription factors to the promoter site in T24, HSC41, and Li21 cells could be caused by alteration of chromatin structure around the promoter region.
In conclusion, formation of an inactive chromatin structure and exclusion of transcription factors from their binding sites was not associated with specific CpG island methylation status. This study demonstrates that a specific methylation status of the entire CpG island is not a prerequisite for the formation of an inactive chromatin at the promoter region. 5) corresponding to 25 mg DNA were suspended into 250 ml of buffer C (10 mM Tris (pH 7.5), 50 mM NaCl, 5 mM MgCl 2 ). After incubation with 10 units of DNase I (Boehringer Mannheim) at 37°C for 4 min, nuclei were pelleted and supernatant was removed. The reaction was stopped by adding 250 ml of buffer D (20 mM Tris (pH 7.5), 20 mM NaCl, 20 mM EDTA, 1% SDS, 100 mg/ml proteinase K) and incubated for 2 h at 50°C. DNA was extracted and subjected to Tsp509 I digestion. Ten micrograms of digested DNA were used for Southern analysis. Southern analysis was performed as described with slight modifications. 8) A PCR product amplified from human placental DNA (positions 81417-81802, accession no. AC099314) was used as a probe.
